This study aims to prepare and develop several vehicles chelation polydentate supported ligands and then installed it using sol-gel or polymerization or to be susceptible to imply conjunction with the highly toxic heavy metal ions in the water, and disrupted the underground water used for drinking or agriculture, including cadmium ions. As the process of interaction between ligands and heavy metals depends on the circumstances of surrounding conditions which are treated in this research. Metal ion uptake through complexation or hydrogels can be affected by hydrophilichydrophobic balance, the nature of chelate ligands and the extent of cross-linking of macromolecular supports. Ligand function also dictates reactivity, complexation ability and efficiency of polymer supported ligands in the present case expected to be good solution for such problem. This research involves the synthesis and characterization of new polysiloxane surfaces modified with ortho-, meta-, or para-nitrophenyl moieties. The resulting adsorbents have been characterized by SEM, IR, UV, 13 C solid state NMR, BET surface area, B.J.H. pore sizes, TGA and nitrogen adsorption-desorption isotherm. These porous materials showed a very good thermal and chemical stability and hence they can be used as perfect adsorbents to uptake toxic heavy metal ions including Cd(II) from groundwater. The concentrations of each adsorbate in the filtrate were determined using Atomic Absorption Spectrophotometer. The results showed that all of the three resulting products had high adsorption efficiency. Also, it showed strong complexation properties with heavy metal ions.
further purification. The required chemicals involve: silica gel (E. Merck) with particle size in the range of (70 -230) mesh, and a median pore diameter of 60 Å, was activated for 24 hours before use by heating it at 150˚C, 3-aminopropyltrimethoxysilane that is purchased from Janssen Chimica, ethanol, toluene, SnCl 2 , dichloromethane, acetonitrile, dry diethyl ether, HCl solution, NaOH solution, Cd(NO 3 ) 2 •4H 2 O.
Instrumentations
The required instrumentations for this research include the following: shaking water bath (Daihan Labtech, 20 to 250 rpm Digital Speed Control), pH meter (model: 3510, JENWAY), glassware, thermometer, AAS instrument Thermal Fisher, USA), UV spectrometry, (model: UV-1601, SHIMADZU), IR Spectrometer (Nicolet iS5, iD3 ATR, Thermo Scientific), TGA (Q50 V20. 10 Build 36 instrument at a heating rate of 10˚C•min −1 and in N 2 gaseous atmosphere).
Preparation of Silica-Immobilized Propylamine (SiNH 2 )
There are two common methods used to prepare functionalized polysiloxane ligand systems. The first method called the sol-gel process which involves hydrolysis and condensation of Si(Oet) 4 with the appropriate silane coupling agent (RO) 3 SiX, where; X represents an organo functionalized ligand. The second method is the chemical modification of the pre-prepared functionalized polysiloxane. This method is used mainly for substitution of organo functionalized groups especially when the appropriate chelating silane agents are difficult to prepare. The most commonly attached chelate ability for this purpose is devoted for donor atoms which have a large capability in forming complexes with a series of heavy metal ions, and in some cases forcing a distinguishable selective extraction property [14] .
There are many advantages for using functionalized inorganic supports. For example; lack of swelling in solvents, high hydrolytic, thermal and mechanical stability [15] .
This research involves the modification of porous SiO 2 with functional ortho-, meta-or para-nitrophenyl receptors using heterogeneous route that involves reaction of carbaldehyde derivatives with 3-aminopropyl trimethoxysilane prior to immobilization on the support [16] .
In general, porous silica is usually modified by post-synthesis or one-pot synthesis. In both methods, the organic functional groups are used. The aptitude of the resulting attached chelate is mainly owed to the presence of sulfur, oxygen or nitrogen donor atoms [17] .
The first step in the preparation of (SiNH 2 ) was the reaction between the silylating agent (3-aminopropyltrimethoxysilane) and the silanol groups on the silica surface. Such that, 25 g of activated silica gel (SiG) suspended in 150 mL of toluene was refluxed and mechanically stirred under nitrogen atmosphere for 3 hours. Then, 10 mL of aminopropyltrimethoxysilane was added dropwise. After that, 1 g of SnCl 2 was used as catalyst and the mixture was kept under reflux for 48 hours.
The resulting solid matrix was filtered, washed with toluene and ethanol, then, it was soxhlet extracted with a (1:1) mixture of ethanol and dichloromethane for 24 h in order to remove the silylating reagent residue. The obtained immobilized silica gel was dried in vacuum at 20˚C.
Synthesis of Nitrophenyl-Substituted Silicas (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 )
A mixture of 10 g of 3-aminopropylsilica (SiNH 2 ) with 3 g of each of ortho-nitroacetophenone, meta-nitroacetophenone or para-nitroacetophenone respectively in 100 mL of dry diethyl ether was stirred at room temperature for 24 hours. This process results in the formation of the three required adsorbents, including (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ) respectively. After being filtered, the solid products were soxhlet and extracted with acetonitrile, methanol and dichloromethane for 15 hours. Then, these products were dried under vacuum at 70˚C over 40 hours. The synthesis procedures are shown in Figure 1. 
Preparation of Standard Solutions
Cadmium nitrate tetrahydrate Cd(NO 3)2 •4H 2 O with molar mass equals 318.48 g•mol −1 , was used to prepare several standard solutions of Cd(II) at different initial concentrations depending on dilution calculations.
Such that used solvent for all of these salts was groundwater from Burqin town in Palestine.
The prepared initial concentrations of cadmium ions are: 5, 10, 15, 20, 25, 30, 35, 40 , 45 and 50 ppm. These standard solutions of calibration are used in batch experiments in order to study the effect of different factors such as; time, pH and temperature on each adsorption process. And hence to know what are the optimum conditions for having efficient adsorption of Cd(II) on ortho-, meta-, or para-nitrophenyl silicas. By using AAS measurements and depending upon the resulting calibration curves, the concentrations of cadmium, lead and nickel ions in the used ground water (without any treatment) equal zero.
Batch Experiments
A mixture of 1 mg sample of (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) adsorbent with 7 mL of groundwater containing known concentration of the Cd(II) toxic metals was shaken.
The effect of solution conditions including; contact time, temperature, pH value, the amount of modified polymer and the concentration of toxic metal ion was discussed.
Atomic absorption measurements were used for the filtrate mixture of each sample in order to determine the remained amount of the toxic metal ion and hence investigating the extent of the adsorption efficiency.
Effect of Contact Time
The adsorption of toxic heavy metals on each adsorbent was studied as a function of shaking time at 20˚C. A sample of 10 ppm of standard solutions at pH value equals 6 was taken in a volumetric flask and shaken with 1 mg of an adsorbent. At the end of time intervals (1 minute to 30 hours), each sample was filtered off and the amount of each adsorbate is determined using AAS apparatus.
Effect of pH
The effect of pH value on the adsorption behavior was investigated using different pH values ranging from 2 to 12. The pH value was adjusted using roughly concentrations of 0.1 M HCl and 0.1 M NaOH solutions.
A 1 mg of an adsorbent sample was added to 7 mL of the prepared standard solution with a concentration of 10 mg/L. The prepared mixtures were placed in shaking water bath at constant temperature (20˚C), with considering into account the resulting optimum time for each previous adsorption process.
Effect of Temperature
To study the effect of temperature on each adsorption process, A 1 mg of the adsorbent was added to 7 mL of the standard solution of Cd(II) with a concentration of 10 ppm at the optimum value of pH. Each mixture was placed in shaking water bath at desired temperature (the range was 5˚C to 80˚C) for optimum contact time. At the end of time intervals, each sample is filtered off, and the amount of each adsorbate is determined using AAS instrument.
Effect of Adsorbent Dose
In order to find out the optimum amount of adsorbent that is required for the adsorption of Cd(II) on modified silicas, A (1, 2, 3, 4 or 5 mg) of the modified silica was added to five vials containing 7 mL of 10 ppm of toxic metal standard solution. The mixtures were placed in shaking water bath at the optimum temperature, pH and time.
Then, the concentration of each toxic ion in the filtrate is measured using AAS instrument.
Effect of Adsorbate Concentration
To find the optimum concentration of cadmium, nickel and lead metal ions. The resulting optimum mass of each adsorbent was added to a number of vials, each contains 7 mL of different standard concentrations of Cd(II). Such that all optimum condition of pH, contact time, temperature and the amount of adsorbent must be taken in consideration. After that, the concentration of these toxic ions in each filtrate is measured using AAS apparatus.
Results and Discussion

Materials Characterization
All materials characterizations like SEM, NMR, UV-Vis, TGA, BET have been studied and published before [16] .
Adsorption Results
This research aimed to use the synthesized modified silicas for removing Cd(II) ions from groundwater, and hence to compare the adsorption efficiency of these polymers. This process is done by studying the adsorption capacities for nitrophenyl substituted silicas towards cadmium adsorbates. The extracted concentrations of cadmium ions were determined using atomic absorption measurements. After finding the remaining concentrations, the percentage removal for each adsorption process must be determined. This value is defined as the ratio of difference in the adsorbate concentration before and after adsorption (C I − C F ), to the initial concentration of the metal ion in the aqueous solution (C I ), as shown in the following equation:
where, C I and C F are the initial and finial concentrations of heavy metal ion in groundwater, respectively (ppm). The adsorption processes are compared according to using the same adsorbent with cadmium, lead or nickel ions or using the same heavy metal with different adsorbents including (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ).
Adsorption of Cadmium
The effect of solution conditions for the adsorption of cadmium on (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) adsorbents is determined. As the adsorbent is changed, the adsorption dependence on the polymer nature is investigated. This plot shows that the highest percent of Cd(II) removal was for (Si-o-NO 2 ) after 50 minutes time of shaking as optimum contact time between the adsorbate and the adsorbent, this percentage is 82.98%. While when (Si-p-NO 2 ) is used for removing cadmium metal ions, the percent of removal is 79.77% and the optimum contact time is after 5 minutes.
The removal of Cd(II) from groundwater using (Si-m-NO 2 ) has a 74.38% as percent of metal ion removal and optimum contact time of 10 minutes. For the three synthesized adsorbents, the remaining concentration of the cadmium ions after each optimum contact time becomes approximately constant.
The high percentage of Cd(II) removal are due to the high availability of vacant sites on the adsorbent external surface. In general, by considering the large required optimum time (50 minutes) for removing cadmium ions using (Si-o-NO 2 ) polymer matrix, we can consider that (Si-p-NO 2 ) is better than (Si-o-NO 2 ) for Cd(II) removing, this is because that it requires small optimum time of shaking (only 5 minutes). Also, the difference between these two percentages is also very low (3.21%).
2) Effect of pH Value pH value is one of the most important parameters that controlling the uptake of heavy metal ions from aqueous solutions. Figure 3 shows the effect of pH value on Cd(II) removal efficiency on different adsorbents. These studies were conducted at the optimum contact times for (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ) adsorbents with varying the pH value of the solution.
For (Si-o-NO 2 ) matrix, the percentage adsorption increases with pH to attain a maximum at pH 5, and thereafter it decreases with further increase in the value of pH. This adsorbent has the maximum percent of Cd(II) removal that is 84.57% compared with that for (Si-p-NO 2 ) that equals 81.72% and (Si-m-NO 2 ) that equals 75.39%.
Also, the effect of pH value on the adsorption efficiency of (Si-m-NO 2 ) and (Si-p-NO 2 ) polymers, increases with pH until reaching a maximum at pH 6 and pH 7 respectively, and thereafter, the percent of cadmium removal decreases with further increase in pH value.
The increase in metal ion removal as the pH value increases can be explained on the basis of a decrease in competition between proton and cadmium ions for the same functional groups and by the decrease in the positive surface charge, which results in lower electrostatic repulsion between the surface and metal ions. While, the decreasing behavior of the percentage removal after each optimum pH for the three synthesized adsorbents is probably due to the formation of a soluble hydroxy complexes which lowers the adsorption efficiency to uptake Cd(II) from groundwater.
3) Effect of Temperature To study the effect of temperature on the adsorption of Cd(II) using ortho-, meta-and para-nitrophenyl silicas. The optimum conditions of contact time and pH value must be taken in consideration. In general, the adsorption efficiency becomes very low at high temperature values.
As shown in Figure 4 , the adsorption of cadmium ions using the three different adsorbents including (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ) has been found to increase with an increase in temperature until reach- ing a maximum at 25˚C, 10˚C and 15˚C respectively, and thereafter the percentage removal decreases with further heating. Such that the percentages removal at the optimum temperature value are 89.56% for (Si-o-NO 2 ), 83.95% for (Si-m-NO 2 ) and 87.94% for (Si-p-NO 2 ). The low temperature values of the solution enhance the complexation ability between cadmium ions and each of the matrix polymers and hence increase the adsorption efficiency.
4) Effect of Adsorbent Dose
The experimental results for adsorptive removal of cadmium ions with respect to each dose of (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ) adsorbents are shown in Figure 5 over the range of 1 mg to 5 mg, at the optimum values of time, pH and temperature.
The maximum percent of Cd(II) removal was 98.61% with using 4 mg of (Si-m-NO 2 ), such that, this polymer showed an increase in percentage removal with increasing the adsorbent dose. Also, the same relation between adsorption efficiency and dosage effect is observed for (Si-o-NO 2 ) with 4 mg amount of dose and 95.48% as percentage removal.
While (Si-p-NO 2 ) showed a different effect of adsorbent dose, such that, the maximum observed percent of Cd(II) removal was 89.95% with only 1 mg.
The rapidly increased percentage removal of the metal ion with increase in the dose for ortho-and meta-nitrophenyl receptors is due to the greater availability of the exchangeable sites on the adsorbent surface area. While in the case of (Si-p-NO 2 ), just only very low amount of this adsorbent showed a very high ability to remove Cd(II) from groundwater.
5) Effect of Adsorbate Concentration
The effect of the initial concentration of Cd(II) on the percentage removal of heavy metals using the three prepared adsorbents. Figure 6 indicated that the adsorptive removal decreases with the increase in the initial heavy metal concentration. The maximum percent of Cd(II) removal was 98.99% for (Si-m-NO 2 ) by using 15 ppm concentration of cadmium solution. While the observed initial concentrations for having maximum adsorption efficiency for (Si-o-NO 2 ) and (Si-p-NO 2 ) polymers are 10 ppm and 5 ppm respectively, with percentage removal of 95.54% for ortho-nitrophenyl silica and 97.98% for para-nitrophenyl silica. Generally, lower initial cadmium ion concentrations results in sufficient adsorption sites to be available for adsorption process.
The following table represents the adsorption results for removing cadmium ions from groundwater using (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) adsorbents.
Investigation of Adsorption Parameters
In order to investigate the adsorption efficiency for the adsorption of Cd(II) onto each of the synthesized polymers. The effect of solution conditions on the adsorption process was studied. These conditions involve the effect of shaking time, pH value, temperature, adsorbent dose and the concentration of adsorbate.
The best equilibrium isotherm model for each adsorption process was investigated according to the value of the correlation coefficient of Langmuir and Freundlich models. The kinetics of adsorption were also investigated using pseudo first-order, pseudo second-order and intra-particle diffusion kinetic models. In addition, Van't Hoff plot for each adsorption process was investigated in order to determine the values of enthalpy change and entropy change, and hence determining if the adsorption is spontaneous (∆S > 0) or not (∆S < 0), and if it is exothermic (∆H < 0) or endothermic one (∆H > 0).
Finally the effect of adsorbent recovery on the percent of heavy metal ion removal was investigated, and hence the adsorption process with the best regeneration is determined.
Equilibrium Isotherm Models
Langmuir isotherm is called the ideal localized monolayer model; it was developed to represent chemisorption. Langmuir isotherm is based on the following assumptions. These are, adsorption is limited to monolayer coverage, such that; the adsorbed molecule cannot migrate across the surface or interact with neighboring molecules. Also, the surface of the adsorbent is uniform. This means that all the adsorption sites are equivalent in energy [18] .
The Langmuir equation relates the coverage of molecules on a solid surface to the concentration of a medium above the solid surface at a fixed temperature. This equation can be written as:
where, C e is the equilibrium concentration of the adsorbate (mg/L); b is the Langmuir affinity constant (L/mg); Q o is the adsorption capacity at equilibrium (mg/g); q e is the amount of adsorbate per unit mass of adsorbent (mg/g), and it can be calculated using the following relation:
( )
where, C o is the initial concentration of the adsorbate (mg/L); V is the volume of the solution (L); m is the mass of the adsorbent (g); (C o -C e ) represents the adsorbed amount. A graph of (C e /q e ) values versus C e is used in order to find the Langmuir parameters (see Figure 7 and Table  1 ) [19] .
Freundlich isotherm was interpreted as adsorption to surfaces supporting sites of varied affinities or to heterogeneous surfaces. Freundlich isotherm assumed that stronger binding sites are occupied first, such that; the binding strength decreases with increasing degree of site occupation.
According to this statement, the adsorbed mass per mass of adsorbent can be expressed by the following equation [20] .
where, K F is the Freundlich constant related to adsorption capacity (mg/g); n is the heterogeneity coefficient that gives an indication of how favorable the adsorption process (g/L). A plot of logq e values versus logC e is used to find Freundlich parameters. Which are, logK F as y-intercept and (1/n) as a slope (Figure 8 and Table 1 ) [21] .
In order to determine the best adsorption isotherm for the adsorption of cadmium ions onto ortho-, meta-, or para-nitrophenyl silicas, the observed data were fitted to Langmuir and Freundlich isotherms which describe the relationship between the amounts of Cd(II) adsorbed and its equilibrium concentration in solution.
The adsorption parameters were investigated by plotting C e /q e versus C e for Langmuir adsorption isotherm and logq e versus logC e for Freundlich adsorption isotherm. 
Si 
1) Langmuir Adsorption Isotherm
As shown from Figure 7 and Figure 8 , the values of R 2 using Langmuir adsorption isotherm are approximately 1. This means that the adsorption of Cd(II) on ortho-, meta, or para-nitrophenyl silicas is chemical adsorption and follows Langmuir equation. Hence this is a strong evidence on the presence of real chemical bonds between the adsorbate and the adsorbent.
From Table 1 , Figure 7 and Figure 8 , the values of Langmuir and Freundlich isotherm parameters for the adsorption of Cd(II) on (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ).
2) Adsorption Kinetic Models The kinetic of adsorption is defined as the process in which adsorbate molecules are transported from bulk solution to a boundary layer of the water surrounding the adsorbent particle by molecular diffusion through the stationary layer of water. Such that the adsorbate particles are transported into an available site. Hence, an adsorption bond will be formed between the adsorbate and the adsorbent [22] .
Several adsorption kinetic models have been established in order to describe adsorption kinetics and rate-limiting step. These models give information about the adsorption system behavior and the rate at which specific constituent is removed using a certain adsorbent. In addition, they determine whether the adsorption process is a chemical or a physical one, and which specifically the rate determining step is.
Examples of the adsorption kinetic models include, external mass transfer model, pseudo first-order and (mg/g); k 1 is the rate constant of pseudo first-order adsorption model (mg⋅g
). A plot of ( ) log e t− versus t will give a straight line for the pseudo first-order adsorption with logq e as y-intercept and (−k 1 /2.303) as the slope of the graph (Figure 9 ) [25] . b) Pseudo Second-Order Kinetics This model of kinetics depends on the assumption that the rate-determining step may be chemical adsorption involving valence forces through sharing or exchange of electrons between the adsorbate and the adsorbent.
The rate equation for pseudo second-order kinetic model can be written as:
where k 2 is the equilibrium rate constant of pseudo second-order adsorption (g•mg −1
•min −1 ). The plot of t/q t versus t should give a linear relationship that allows the computation of a second-order rate constants, k 2 and q e (Figure 10 ) [26] . 
where, K p is the diffusion rate constant (mg/g•min 1/2 ); C is a constant that gives an indication of the thickness of the boundary layer (mg/g) [27] . A plot of q t versus t 0.5 should give a linear relationship for intra-particle diffusion kinetic model with constant C as a y-intercept and K p as a slope (Figure 11) .
The experimental kinetics data for Cd(II) adsorption on the prepared polymers are fitted with pseudo first-order, pseudo second-order and intra-particle diffusion kinetic models in order to investigate the mechanism of each adsorption process.
The kinetics parameters and correlation coefficients have been calculated from the linear plots of log(q e − q t ) versus t for pseudo first order model, and t/q t versus t for pseudo second-order model and q t versus t for intraparticle diffusion kinetic model, as shown in the following Figures 9-11 and Table 2 .
According to the values for the correlation coefficient using the previous kinetic models, it is showed the adsorption of Cd(II) on (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) followed the mechanism of pseudo second-order Table 2 shows the kinetic parameters of pseudo first-order, pseudo second-order and intra-particle diffusion kinetic models for the adsorption of Cd(II) on (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ).
Comparing the value of q e (experimentally) for all adsorption processes that equal 70, with the values of q e (calculated) in pseudo first-order and pseudo second-order kinetic adsorption models, we conclude that the experimental values for all adsorptions are closer to the values of q e (calculated) in pseudo second-order adsorption model, hence proving that this model represents the mechanism of the adsorption.
3) Adsorption Thermodynamics Thermodynamic considerations of an adsorption process are necessary to determine whether this process is favorable or not.
This adsorption behavior can be expressed using the thermodynamic parameters including the change in Gibbs free energy (∆G), enthalpy change (∆H) and the change in entropy (∆S); where ∆G and ∆H are in (J) and the unit of ∆S is (J/K).
The following equation is the general equation that can be used to relate between the adsorption parameters [28] .
where T is the absolute temperature (K). The change in Gibbs free energy can be also calculated by the following equation:
where, R is the universal gas constant that equals 8.314 J•mol
; K d is the thermodynamic equilibrium constant that equals (q e /C e ) with a unit equals (mol) or (L/g). The combination of the last two equations will result in the following equation:
The plot of lnK d versus (1/T) will give a straight line with (∆H/R) as slope and (∆S/R) as y-intercept. The resulting graph is known as Van't Hoff plot (Figure 12) .
By using the thermodynamic equation of Van't Hoff plot, the thermodynamic parameters (ΔH and ΔS) for the adsorption of cadmium ions on (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) can be calculated from the slope and intercepts of the graph of lnK d versus (1/T), as shown in Figure 12 . Table 3 represents the values of the thermodynamic parameters (∆S and ∆H) for the adsorption of Cd(II) on ortho-, meta-, or para-nitrophenyl silicas.
As shown in this table, the adsorption of Cd(II) on (Si-o-NO 2 ), (Si-m-NO 2 ) or (Si-p-NO 2 ) adsorbents is endothermic process (∆H > 0) and non spontaneous (∆S < 0).
Conclusions
The synthesis and characterization of the new polysiloxane modified surfaces including (Si-o-NO 2 ), (Si-m-NO 2 ) and (Si-p-NO 2 ) showed that these polymers had very good thermal and chemical stabilities, and hence they can be used as perfect adsorbents to uptake Cd(II) from groundwater. The observed results of this research include the following.
The results showed that all adsorptions followed Langmuir adsorption isotherm depending on the value of R 2 and the mechanism of all adsorption reactions followed pseudo second-order kinetic adsorption model with correlation coefficient of approximately one. Also, the thermodynamic parameters of all the adsorptions proved that these processes were endothermic (∆H > 0) and non-spontaneous (∆S < 0). Finally, the regenerated polymers showed good percentage removal for Cd(II) and the synthesized adsorbents had high adsorption efficiency and showed a perfect strong complexation property with heavy metal ions. 
